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less or more than 3 months and between different levels of 
AC severity (p > 0.05).
Conclusion Shoulder pain due to AC may be influenced 
by gender and severity of functional limitation. AC pain 
distribution principally involves anterior aspect of the 
shoulder with downward extension of the arm until its dis-
tal third.
Levels of evidence Level IV.
Keywords Adhesive capsulitis · Shoulder pain · Pain 
intensity · Shoulder pain distribution · Frozen shoulder · 
Shoulder clinical evaluation
Introduction
First described by Duplay in 1872 [1] and also known as 
frozen shoulder thanks to Codman [2], adhesive capsulitis 
(AC) may be responsible for shoulder pain, partial or total 
inability to work, and reduced quality of life.
Many studies have been performed with the aim to better 
understand etiology, epidemiology, natural history, clinical 
and instrumental evaluation, and treatment of AC [3–14]. 
On the contrary, shoulder pain intensity and distribution 
due to AC have not been investigated.
Palmer introduced in 1949 the modern pain mapping 
[15]: outlined diagrams of the human body on which 
patients were asked to score the area where they experi-
enced pain. The use of pain maps is now extremely wide-
spread in clinical practice. Unfortunately, pain mapping for 
AC has never been performed.
Therefore, the aim of our study was to investigate shoul-
der pain intensity and distribution in patients with AC and 
to analyze differences according to gender, involvement 
Abstract 
Purpose Papers regarding adhesive capsulitis (AC) of the 
shoulder focused on etiology, epidemiology, diagnosis, and 
treatment; until now, information on shoulder pain charac-
teristics is still scarce. Our aim was to analyze pain inten-
sity and distribution in patients with AC.
Methods The study group was composed of 278 
(133M–145F) consecutive patients with AC. After diag-
nosis, shoulder pain distribution was assessed through an 
upper limb pain map and pain intensity through a visual 
analog scale. Patients were distinguished on the basis of 
gender, age, time elapsed from onset of symptoms, and 
severity of functional limitation. Data were submitted to 
statistical analysis.
Results Intensity of shoulder pain caused by AC was 
higher in females (p < 0.05); it did not vary with the side 
and between patient younger and older than 55  years. 
Patients whose pain arose from more than 3  months suf-
fered a lower intensity of shoulder pain. Furthermore, pain 
intensity was higher in the most severe form of AC (active 
forward flexion < 60°) (p < 0.05). Pain was localized pre-
dominantly on the anterior aspect of the shoulder (dermat-
omes C5–C6) and rarely extended beyond the distal third 
of the arm. No differences were found in pain distribution 
between male and female, between patients with pain from 
 * V. Candela 
 Vittorio.candela@yahoo.it
1 Department of Orthopaedics and Traumatology, Shoulder 
and Elbow Unit, Sapienza University of Rome, Piazzale Aldo 
Moro 5, 00185 Rome, Italy
2 Physical Medicine and Rehabilitation Unit, Sapienza 
University of Rome, Rome, Italy
 Musculoskelet Surg
1 3
side, age, time elapsed from the onset of pain, and degree 
of disability.
Materials and methods
The study comprised initially 303 consecutive patients with 
AC prospectively enrolled. The diagnosis was obtained 
after clinical examination by the senior author (SG): Active 
and passive range of motion (ROM) evaluation during 
sitting position; evaluation of both the postero-superior 
[16–21] and anterior [22–25] rotator cuff tendons; an X-ray 
(true AP and axillary X-ray views) and MRI of the involved 
shoulder.
Inclusion criteria were: (1) reduction of both active and 
passive shoulder ROM (caused by limited movement of the 
scapulo-humeral articulation).
Exclusion criteria for all attendees were: previous sur-
gery on the shoulder; cervical spine symptoms, rotator cuff 
tears; degenerative shoulder osteoarthritis; gleno-humeral 
instability; acromioclavicular joint osteoarthritis; elbow, 
wrist, and hand pathologies; neuropathies due to extrinsic 
or intrinsic factors; and rheumatologic and/or autoimmune 
pathologies. Moreover, patients whose pain arose more 
than 12 months and who were submitted to previous phar-
macological and/or physical treatments were excluded. In 
25 patients, one or more exclusion criteria were positive. 
Finally, the study group consisted of 278 patients with AC.
In order to verify the correlation between pain intensity 
and (A) patient’s age; (B) time elapsed from symptoms 
starting; (C) range of motion limitation, we distinguished 
the study cohort in (A) patients≤  and  >55  years; (B) 
patients whose pain arose from less and more 3  months; 
(C) active flexion from sitting position between 0° and 60°, 
between 61° and 120°, and between 121° and 170°.
All patients completed an upper limb pain map designed 
by Keegan and Garrett [26] (Fig. 1) on which they marked 
all painful areas. Clinicians were blinded to pain map 
results. The visual analog scale (VAS) was used to assess 
pain intensity [27].
All patients signed an informed consent form in accord-
ance with the Declaration of Helsinki. According to our 
Country’s law, this study did not require an ethics commit-
tee approval.
Sample size
The calculation of sample size was performed using 
G*Power 3 software. According to power analysis, at least 
69 patients for each group were necessary to detect an 
effect size of 0.40 with a power level of 85% and a α 0.05 
two-sided level of significance.
Statistical analysis
We used parametric tests if data were normally distributed 
and homogeneous, while we used nonparametric tests if 
these two conditions were not satisfied. These assumptions 
were assessed by Kolmogorov–Smirnov’s test and Levene’s 
test, respectively.
The Chi-squared test was used to evaluate the differ-
ences in adhesive capsulitis prevalence between male and 
female and between right and left sides.
The unpaired t test was used to analyze the pain level 
differences between males and females and between right 
and left side and history of the symptoms.
According to the age and time elapsed from symptoms 
starting, the unpaired t test was used to analyze: (1) pain 
level difference between subjects younger than 55 years and 
those older than 55 years; (2) pain level difference between 
patients whose pain arose from less or more than 3 months.
In accordance with the active flexion range of the 
involved shoulder during the sitting position, one-way 
ANOVA test was used to evaluate the pain level differences 
between patients.
Mann–Whitney test was performed to analyze the VAS 
score differences between patients that had pain until and 
over the elbow.
Statistical Package for social Sciences (SPSS) version 18 
was used for calculations. A single blinded researcher ana-
lyzed all the data. Computed p values were two-sided, and 
a p < 0.05 was used to determine statistical significance.
Fig. 1  Upper limb dermatomes
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Results
Within the study group, 133 were males [mean age ± SD: 
50.45  ±  5.85] and 145 were females [mean age  ±  SD: 
48.45  ±  6.45] (Chi-square 0.871, p  =  0.35). The right 
shoulder was involved in 149 cases, (Chi-square 2.59, 
p = 0.10). The dominant side was involved in 192 cases.
Significant difference was found between males (VAS: 
6.4  ±  1.2) and females (VAS: 7.3  ±  1.4) regarding the 
intensity of pain referred (t = 5.73; p < 0.001).
The average of pain intensity on right and left sides was 
6.4 ± 2.4 and 6.1 ± 1.8, respectively. No significant differ-
ence was found (t = 1.91; p = 0.067).
The average values of VAS in patients younger than 
55  years (N  =  151) and in those older than 56  years 
(N = 127) were 6.6 ± 1.6 and 6.3 ± 1.1, respectively. No 
statistical differences were found between two groups 
(t = 1.84; p = 0.06).
We distinguished all participants into two groups accord-
ing to time elapsed from symptoms starting: (a) patients 
whose pain arose from less than 3 months (N = 185) and 
(b) patients whose pain arose from more than 3  months 
(N  =  93). The mean values of VAS were 7.3  ±  2.2 and 
6.0 ± 2.6. A significant difference was found between the 
two groups (t = 3.6, p < 0.001).
Table 1 summarizes the average values of pain intensity 
according to the gender, involved side, history of symp-
toms, and range of motion limitation.
Patients were divided into three groups according to the 
active flexion range of the involved shoulder during the sit-
ting position: (A) range between 0° and 60° [n: 57(25M, 
32F)]; (B) range between 61° and 120° [n: 92 (42M, 50F)]; 
(C) range between 121° and 170° [n: 129 (66M, 63F)]. The 
average of pain intensity values in the three groups were 
7.6 ± 2.2, 6.8 ± 1.7, and 6.3 ± 1.9, respectively. Friedman 
one-way ANOVA demonstrated a significant difference of 
pain intensity between groups (F  =  9.29; p  <  0.001). In 
particular, we found a significant difference between groups 
A and C (p = 0.02).
Among all patients enrolled (N = 278), 211 referred pain 
from anterior area of the shoulder with irradiation down-
wards the antero-lateral surface of the arm until its distal 
third; only 67 referred that their pain involved also the 
forearm. According to pain intensity, significant difference 
was found between the group of patients with only shoul-
der pain [6.4 (interquartile range 4.3–7.5)] and those with 
pain also on the forearm [7.3 (interquartile range 4.2–8.2)] 
(p < 0.0068).
The distribution of dermatomes indicated as painful by 
patients according to the gender, history of symptom, and 
degree of range of motion limitation, is shown in Figs. 2, 
3, and 4 respectively; in all cases, dermatomes C5 and C6 
were the most involved.
Discussion
Nowadays, information regarding the characteristics of 
shoulder pain in AC is still scarce. It is known that patients 
with AC are painful, that discomfort is frequently local-
ized to the deltoid insertion, and that tenderness in the area 
of the coracoid is common [5, 12, 28]. To our knowledge, 
this is the first study performed with the aim to investigate 
accurately the characteristics of shoulder pain in patients 
with AC.
Table 1  Baseline characteristics of patients
N number, VAS visual analog scale, SD standard deviation
VAS (Mean ± SD)
Gender (N)
Males (N = 133) 6.4 ± 1.2
Females (N = 145) 7.3 ± 1.4
Involved side
Right (N = 180) 6.4 ± 2.4
Left (N = 98) 6.1 ± 1.8
Age
Younger than 55 years (N = 151) 6.6 ± 1.6
Older than 56 years (N = 127) 6.3 ± 1.1
History of symptoms
<3 months (N = 185) 7.3 ± 2.2
>3 months (N = 93) 6.0 ± 2.6
Active flexion range
0° to 60° (N = 57) 7.6 ± 2.2
61° and 120° (N = 92) 6.8 ± 1.7
121° and 170° (N = 129) 6.3 ± 1.9
Fig. 2  Distribution of painful 
dermatomes according to gen-
der. M males, F females
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We observed that pain intensity was statistically higher 
in females than in males. Similar findings were already 
obtained in both Kindler’s [29] and Gumina’s [30] series, 
consisting of patients with shoulder pain and different sized 
rotator cuff tears, respectively. The difference could reside 
in the greater central sensitization present in females due 
to different processing methods made by nociceptive fibers 
(C-type). However, factors related to female hormones may 
play an important role.
Our data demonstrated that AC is responsible for similar 
pain intensity between right and left sides. In fact, to our 
knowledge, the two cerebral hemispheres modulate in the 
same way determining no difference in the perception of 
pain on symmetric joints.
No differences in pain intensity based on patient age 
were found. This finding may be interpreted by the fact that 
AC causes shoulder pain whose intensity is independent of 
age. However, it is possible that there were no differences 
since the study group was aged between 39 and 67 years, 
and this range was not so wide to create a group of younger 
and older patients.
Our data demonstrated that patients whose pain arose 
from less than 3  months referred significant higher pain 
intensity with the respect of those who suffered from more 
than 3  months. This figure can be explained in different 
ways: (a) It is now known that the pathological process 
involved is initial inflammation followed by subsequent 
fibrosis of the rotator interval area of the gleno-humeral 
joint capsule [10, 11, 31, 32]; it has been observed by Soi-
fer et  al. [33] that many structures of the gleno-humeral 
joint, including the rotator interval area, are rich in free 
nerve fibers. Nociceptive information relayed by these fib-
ers is responsible for pain associated with AC. In the first 
3  months, the inflammation of the rotator cuff interval 
may be greater leading to a higher intensity of pain. (b) In 
patients whose pain is present from more than 3  months, 
nociceptors located on the pathological area could have 
undergone a “receptor adaptation”: if mechanical or chemi-
cal stimuli act on the receptor for a prolonged time, recep-
tor activation decreases determining a lower intensity of 
pain [34].
It is known that active and passive motion limitations 
are characteristic in patients with AC [28]. In our series, we 
divided patients into three groups according to the degree 
of motion impairment in order to assess its correlation with 
pain intensity. The average value of pain intensity was sta-
tistically higher in patients whose active flexion was lower 
than 60° compared to those who could flex the shoulder 
until 120° or 180°, respectively. These findings can be eas-
ily explained by the fact that the range of motion limitation 
is correlated to the amount of inflammation and fibrosis 
affecting the gleno-humeral capsule.
Fig. 3  Distribution of painful dermatomes according to history of symptoms
Fig. 4  Distribution of painful dermatomes according to range of active flexion of the involved shoulder during the sitting position. Group A: 
range between 0° and 60°; Group B: range between 61° and 120°; Group C: range between 121° and 170°
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The vast majority of our patients referred that pain was 
localized on the anterior area of the shoulder with irradia-
tion downwards the antero-lateral surface of the arm until 
its distal third. Only few patients indicated as painful also 
the forearm. The site of pathology does not always correlate 
with the precise location of pain. Pain arising superficially 
is usually accurately localized [35]; pain arising in deeper 
structures, like the shoulder, is more diffuse, and in some 
cases, it has an unexpected location [36]. One explanation 
is the proximal location of the shoulder in the sclerotome 
and the extensive convergence of afferent signals from this 
area to the dorsal horn of the spinal cord [37]. In our series, 
pain intensity of patients who referred only shoulder pain 
was lower than in those with also forearm pain. It is possi-
ble that patients who feel higher pain intensity are not able 
to accurately discriminate its localization; this figure may 
also explain why a small number of participants referred as 
painful unexpected dermatomes on the map (C3, T1).
The area referred as painful by patients includes the rota-
tor cuff interval and also the region of the coracoid process 
of the scapula; inflammation involving the coracoid process 
has been already described by previous MRI studies [6, 
38, 39], and its painful palpation is considered a pathogno-
monic sign of AC [5].
Our data indicate dermatomes C5 and C6 as the most 
involved, regardless of gender, elapsed time from onset of 
pain, and degree of range of motion limitation. This result 
is explained by the fact that the suprascapular and subscap-
ularis nerves, responsible for the innervation of the rota-
tor cuff interval area structures, derives from the anterior 
branches of C5–C6 roots and a collateral of C4 which rep-
resent the “upper main trunk.”
Our results provide diagnostic information that has to be 
considered during the anamnesis of patients with shoulder 
pain, especially if compared with those of a previous study, 
in which pain characteristics of 285 consecutive patients 
with different sized RCTs were investigated. According 
to pain intensity, patients with AC are more painful: Pain 
intensity is significantly higher in both genders, in both 
sides with respect to those with RCT, regardless of age. 
According to pain distribution, although dermatomes C5 
and C6 are those most involved in both diseases, small but 
important differences have to be underlined: shoulder pain 
in AC is localized more anteriorly and is less irradiated 
compared to RCT, in which patients report pain symptoms 
in the antero-lateral area of the shoulder with irradiation 
along the arm until the elbow.
Conclusion
Shoulder pain intensity caused by AC is higher in females; 
in patients with more severe range of motion limitation; 
in the first 3  months from symptoms starting, it is lower 
in patients whose pain is distributed to the shoulder only. 
When pain intensity is high, its distribution is widespread 
and it resulted difficult to be well delimited.
AC pain distribution principally involves anterior aspect 
of the shoulder with irradiation downwards the antero-lat-
eral surface of the arm until its distal third.
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